The high incidence of injuries of the neck emphasizes the need for more accurate measure ment of range of motion to evaluate the extent of injury and to measure progress during treat ment. Studies by Buck, 1 Blanchard, 2 and Leighton 3 have listed normal ranges of motion in flexion, extension and rotation of the neck. Pub lished information is not available on the range of flexion-extension with the neck in a rotated position. Yet, this movement frequently appears to be more painful and more limited than the motion in the customary planes.
The high incidence of injuries of the neck emphasizes the need for more accurate measure ment of range of motion to evaluate the extent of injury and to measure progress during treat ment. Studies by Buck, 1 Blanchard, 2 and Leighton 3 have listed normal ranges of motion in flexion, extension and rotation of the neck. Pub lished information is not available on the range of flexion-extension with the neck in a rotated position. Yet, this movement frequently appears to be more painful and more limited than the motion in the customary planes.
We devised a method for measuring neck flexion and extension in maximal rotation. In addition, measurements of neck flexion, exten sion and rotation were made using a method similar to that described by Buck. Results were compared with other studies.
The subjects for this study were fifty women between the ages of eighteen and twenty-four. None of them gave a history of injury or dis ease of the neck. The equipment included a 180° goniometer with six-inch arms, and a bubble goniometer with a double scale (identical to the one used by Buck).
METHOD
Subjects were seated in a straight-back arm chair, with the low back against the back of the chair, and the arms on arm rests. Sta bilization of the pelvis was achieved by flexing the hips and knees with the feet braced on the seat of another chair. Prior to measurement each subject was asked to circumduct her head five times in both directions and then perform twice, each of the motions to be measured. Cloth ing or jewelry which might limit motion of the neck was removed. The acromium processes were marked with a wax pencil. Before each motion was performed and recorded, the sub ject's head was placed in what appeared to be a neutral position. Two investigators measured the same subject in all motions to determine the reliability of the method. The variation was ± 5 degrees. Each investigator measured one person four times. The variability was within ± 5 degrees. Each measurement required one person to stabilize the subject and another to read and record motion. Each of the investi gators made independent measurements on each subject. Two measurements were recorded and the average of the two was used.
The method for measuring flexion and exten sion was essentially the same as that used by Buck. However, the bubble goniometer was held in place on the head by a rubber strap. A goniometer with a movable arm was used to measure rotation. The subject was asked to maximally rotate her head. The shoulder op posite to the direction of rotation was stabilized. The goniometer was then centered over the ver tex (cranii) with one arm in line with the nose, and the other arm in a line with the acromium process.
For the measurements of flexion and exten sion during rotation, the bubble goniometer was placed on the head in a sagittal plane. The chin was stabilized to maintain the head in maximal rotation. The back of the head was guided and the bubble goniometer was kept in a sagittal plane to insure correct measurement of sagittal flexion-extension during these motions. For flexion during maximal rotation both shoulders were stabilized (Fig. 1, left) . From this position, after the reading was taken, the subject ex tended her neck. The stabilization points during extension were the rib cage, the shoulder opposite to the direction of rotation and the thoracic spine (Fig. 1, right) . Table 1 lists the ranges, means and standard deviations of each of the measurements performed on the fifty subjects. Variability, as indicated by standard deviations, is lowest in the rotation measurements and highest in the ranges involv ing extension of the neck.
RESULTS
The results of this study corroborate the find- ings of Buck in total range of flexion-extension and of rotation of the neck ( Table 2) . Range of flexion was less, and range of extension more, than that reported by Buck. This may be because of a difference in the starting position resulting from the variation in leg positioning to stabilize the lumbar area. The mean values of left, right and total rotation are similar to those found by Blanchard 2 on men of the same age group. Leighton 3 -4 measured sixteen year old boys in su pine position using the Leighton Flexometer. The differences in methods and in sex and age of subjects could account for the differences between his total ranges and those of this study. Table I also shows the ranges, means and standard deviations of flexion and extension during maximal rotation. Standard deviations for extension during maximal right or left rota tion are relatively large and ranges are approxi mately 60°. For flexion during maximal right or left rotation, standard deviations are small and ranges are approximately 30°. It is thought that extension is the contributing factor to the varia tion, since the range and standard deviation for extension is large.
It is interesting to note that there is no cor relation between total flexion and extension, and total rotation. Also, correlation is not high between any of the motions measured. Therefore, systematic measurements of all of these motions would appear to be necessary in order to assess changes of motion in the neck. 2. Neck flexion and extension during maxi mal rotation were measured on fifty normal col lege women, and the means were as follows: flexion during maximal rotation 26° ± 7°, ex tension during maximal rotation 64° ± 15°, and total flexion plus extension during maximal rotation 90° ± 18°.
3. Neck flexion, extension and rotation were measured and the results were compared to those of previous studies.
SUMMARY
Motions of the neck of normal young women were measured in the sagittal, coronal and trans verse planes and also sagittal motion while the neck was maximally rotated.
A method is presented for measuring the range of flexion-extension of the neck while in maxi mal rotation. Normal values and ranges for this motion are presented. The ranges found in normal young women corroborate findings of other investigators for the motions of flexion, extension and rotation of the neck.
